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Description 



NITROGEN PURGE FOR COMBUSTION 
TURBINE LIQUID FUEL SYSTEM 

Background of Invention 

[0001] This invention relates to combustion turbines powered by 
both gaseous and liquid hydrocarbon fuels. In particular, 
this invention relates to a method for preventing coking of 
liquid hydrocarbon fuel in a liquid fuel supply system of a 
gaseous fuel/liquid fuel combustion turbine. 

[0002] Combustion turbines, such as those used for generating 
electric power, are often fueled by gaseous hydrocarbon 
fuel, but have access to an alternative liquid hydrocarbon 
fuel for use when the gaseous fuel is not available or is 
undesirable. While the combustion turbine operates with 
gaseous fuel, an adjacent liquid fuel supply system con- 
nected to a fuel distributor in the combustion turbine 
stores the liquid fuel in standby mode. 

[0003] The liquid fuel supply system includes an arrangement of 
pipes and valves and is filled with liquid fuel for use when 



necessary or desired. Combustion of the gaseous fuel 
during operation of the combustion turbine produces high 
temperatures in the combustion chamber of the furnace 
and in the area adjacent the combustion chamber includ- 
ing the area occupied by the liquid fuel supply system. 
The liquid fuel supply system is filled with liquid hydro- 
carbon fuel, but also includes some oxygen and air 
trapped in the liquid fuel system. The combination of liq- 
uid hydrocarbon fuel, oxygen, and high temperatures in 
the liquid fuel supply system adjacent the combustion 
chamber of the turbine causes oxidation and partial de- 
composition of the liquid fuel in the liquid fuel supply 
system and produces coke in the liquid fuel supply sys- 
tem. This process is referred to as "coking" and the coke 
forms hard deposits in the liquid fuel supply system and 
clogs and fouls the associated valves and valve screens. 
Excessive coking and clogging interferes with effective 
liquid fuel transfer through the liquid fuel supply system 
and can require the combustion turbine to be shut down 
for cleaning of the liquid fuel supply system or replace- 
ment of its components. 
[0004] This problem of coking has been addressed by frequently 
transferring liquid fuel from the liquid fuel supply system 



to exercise the system components and burn stagnant 
fuel. This, however, causes operational and financial 
problems by requiring weekly burning of stagnant liquid 
fuel, when operation of the combustion turbine with 
gaseous fuel is normally more economical and desirable. 

[0005] Another proposed solution is to recirculate liquid hydro- 
carbon fuel in the liquid fuel supply system, rather than 
transfer the fuel entirely. This option, however, is complex 
and expensive and therefore undesirable. 

[0006] Accordingly, there is a need for a simple and economically 
desirable method for alleviating coking in the liquid fuel 
supply system of a combustion turbine. 
Summary of Invention 

[0007] jhis invention addresses the above described need by 

providing a method for preventing coking of liquid hydro- 
carbon fuel in a liquid fuel supply system of a gaseous 
fuel/liquid fuel combustion turbine comprising injecting 
nitrogen gas into the liquid fuel supply system in an 
amount so that the nitrogen gas displaces a portion of the 
liquid hydrocarbon fuel adjacent the combustion turbine 
and separates remaining liquid hydrocarbon fuel in the 
liquid fuel supply system from the combustion turbine. By 
separating the liquid hydrocarbon fuel in the liquid fuel 



supply system from the combustion turbine, the nitrogen 
gas maintains the liquid hydrocarbon fuel at an area of 
lower temperature than that adjacent the combustion tur- 
bine and, unlike oxygen, nitrogen is inert and does not 
react with the liquid hydrocarbon fuel to create coke. 
Thus, the combination of physical separation of liquid fuel 
by the nitrogen gas and displacement of oxygen in the 
liquid fuel supply system with nitrogen adjacent the com- 
bustion turbine alleviates formation of coke in the liquid 
fuel supply system. 

[0008] | n a preferred embodiment, the combustion turbine com- 
prises at least one combustion chamber and the liquid 
fuel supply system includes at least one nozzle for deliv- 
ering the liquid hydrocarbon fuel to the at least one com- 
bustion cylinder of the combustion turbine and a valve 
adjacent the at least one nozzle. The step of injecting ni- 
trogen gas includes displacing the portion of the liquid 
hydrocarbon fuel through the valve and the at least one 
nozzle and into the at least one combustion chamber. 

[0009] other objects, features, and advantages of this invention 
will be apparent from the following detailed description, 
drawing, and claims. 
Brief Description of Drawings 



[0010] Fig. 1 is a schematic illustration of a gaseous fuel/liquid 
fuel combustion turbine and a liquid fuel supply system 
with a nitrogen purge in accordance with an embodiment 
of this invention. 
Detailed Description 

[0011] As summarized above, this invention encompasses a 

method for preventing coking of liquid hydrocarbon fuel 
in a liquid fuel supply system of a gaseous fuel/liquid fuel 
combustion turbine. A gaseous fuel/liquid fuel combus- 
tion turbine 10 in accordance with an embodiment of this 
invention is illustrated schematically in Fig. 1 and gener- 
ally comprises a combustion chamber 12 for producing 
hot combustion gas 14 that turns a rotor (not shown), a 
turbine enclosure 16 housing the combustion chamber 
and rotor, a gaseous fuel supply system 18 for supplying 
the primary fuel to the combustion chamber, and a liquid 
fuel supply system 20 for supplying an alternative liquid 
hydrocarbon fuel to the combustion chamber for periods 
when the gaseous hydrocarbon fuel is undesirable or un- 
available. 

[0012] The liquid fuel supply system 20 includes a liquid fuel 
flow divider 22 that receives liquid hydrocarbon fuel 
through a plurality of liquid fuel inlets 24. A plurality of 



valves 26 in the liquid flow divider 22 direct the liquid hy- 
drocarbon fuel through a corresponding plurality of liquid 
fuel lines 28. The liquid fuel flow divider 22 also includes 
a drain valve 34 for draining fuel from the liquid fuel flow 
divider and an air vent at the top of the liquid fuel flow di- 
vider for venting the flow divider. 

[0013] The liquid fuel supply system 20 also includes a nitrogen 
inlet valve 34. The nitrogen inlet valve 34 connects a ni- 
trogen inlet 36 and a pressure gauge 38 to a selector 
valve 40 via line 42. The selector valve 40 is connected to 
a plurality of nitrogen feed lines 44 connected respectively 
to the plurality of liquid fuel lines 28. 

[0014] Downstream of the nitrogen supply lines 44, the liquid 

fuel supply lines 28 connect to respective check valves 46 
and then continued to a fuel distributor valve 48. The fuel 
distributor valve 48 feeds the liquid hydrocarbon fuel to a 
plurality of nozzles 52 disposed in the combustion cham- 
ber 12. The gaseous fuel supply system 18 feeds the 
gaseous hydrocarbon fuel to the nozzles 52. 

[0015] Although the foregoing combustion turbine 10 is illus- 
trated with only one combustion chamber 12, it should be 
understood that the combustion turbine can include a 
plurality of combustion chambers. 



[0016] | n normal operation, the combustion chamber 10 operates 
with gaseous hydrocarbon fuel supplied through the 
gaseous fuel supply system 18 and combusted in the 
combustion chamber 12. Liquid hydrocarbon fuel waits on 
standby in the liquid fuel supply system 20. To prevent 
coking, nitrogen gas is introduced through the nitrogen 
inlet 36 via the inlet valve 34. 

[0017] p r j or t0 introducing nitrogen gas into the liquid fuel sup- 
ply system 20, the combustion turbine is desirably 
stopped and cooled to a temperature at least below about 
300°F. Fire protection systems, such as a carbon dioxide 
quenching system, should be disabled prior to introducing 
the nitrogen gas to alleviate risk of suffocation by the op- 
erator. Also, fuel -forwarding pumps that would otherwise 
automatically switch the combustion turbine 10 to liquid 
hydrocarbon fuel supply is disabled during the nitrogen 
purge. 

[0018] Liquid fuel is drained from the liquid fuel flow divider 22 
and thereafter, a source of pressurized nitrogen is con- 
nected to the nitrogen inlet 36. The nitrogen valve 34 is 
opened allowing nitrogen gas to flow through the selector 
valve 40 to a first of the plurality of nitrogen supply lines 
44. The nitrogen is supplied at a pressure sufficient to 



displace at least a portion of the liquid hydrocarbon fuel 
in the liquid fuel supply line 44 through the correspond- 
ing check valve 46 and then through the distributor valve 
48 and the nozzle 52 into the combustion chamber. The 
flow of nitrogen gas is then stopped by closing the nitro- 
gen gas inlet valve 34 or switching the selector valve 40 to 
supply nitrogen gas to another liquid fuel line 28. Once 
the pressure is removed, the check valve 46 closes off the 
downstream components namely the distributor valve 48 
and the fuel nozzles 52. The nitrogen gas injected in the 
liquid fuel supply system then occupies the fuel line 28 
and the respective check valve 46. The displaced liquid 
hydrocarbon fuel can be drained out of a false start drain 
arrangement (not shown) at the end of the combustion 
chamber 12. Each of the liquid fuel supply lines 28 is 
purged in the same manner by selecting the correspond- 
ing nitrogen supply line 44 with the selector valve 40 to 
displace liquid hydrocarbon fuel in the liquid fuel supply 
lines 28 adjacent the combustion chamber 12. 
[0019] The nitrogen gas is supplied to the liquid fuel supply sys- 
tem 20 typically at a pressure of at least 120 psig and de- 
sirably within a range of at least about 120 psig of up to 
about 250 psig. In any event, the pressure of a nitrogen 



gas should be sufficient to force at least a portion of the 
liquid hydrocarbon fuel through the liquid fuel supply 
system 20 and into the combustion chamber 12 through 
the nozzles 52. 

[0020] The nitrogen gas purge is conducted until a sufficient 
amount of liquid hydrocarbon fuel is displaced adjacent 
the combustion chamber 12 to separate the liquid hydro- 
carbon fuel from the combustion chamber enough to pro- 
tect the liquid hydrocarbon fuel from high temperature 
and coking. The amount of time hydrogen gas is injected 
into the liquid fuel supply system 20 varies depending on 
the pressure of the nitrogen gas and other parameters of 
the system, but in the described embodiment, nitrogen 
gas is desirably injected for at least three minutes and de- 
sirably three to five minutes. In this embodiment, suffi- 
cient nitrogen gas is injected into the liquid fuel supply 
system sufficient to displace at least about 15% of liquid 
hydrocarbon fuel in the liquid fuel supply system, and de- 
sirably at least about 20% of the liquid hydrocarbon fuel in 
the liquid fuel supply system. 

[0021] After injecting nitrogen gas into the liquid fuel supply 
system 20, the nitrogen gas is sealed in the liquid fuel 
supply system upstream of the distributor valve. In addi- 



tion, the liquid fuel flow divider 22 is filled with a vapor 
space inhibiting oil through the vent 32. Thereafter, oper- 
ation of the combustion turbine 10 with gaseous fuel may 
resume while nitrogen in the liquid fuel supply system 
prevents coking in the liquid fuel supply system. 
[0022] | t should be understood that the foregoing relates to par- 
ticular embodiments of the present invention, and that 
numerous changes may be made therein without depart- 
ing from the scope of the invention as defined from the 
following claims. 



